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INTRODUCTION 
Previous investigations have indicated that Pythimm 
graminicolum Subr. is rarely isolated directly from soil or 
from roots of very young seedlings, but is readily isolated 
from roots of growing plants. Conversely, P. debarvanum 
Hesse is readily isolated directly from soil and from young 
seedlings as well as from roots of growing plants. It would 
appear that P. graminicolum is difficult to recover from soil 
without the aid of living tissue but P. debarvanum is not. 
It seems possible that P. graminicolum may colonize soil to 
a lesser extent than P. debarvanum and that stimuli from host 
roots may be more important for growth of P. graminicolum 
than for P. debarvanum. 
Two lines of investigation were pursued in an attempt 
to elucidate the apparent divergence in behavior of the two 
Pythium species in soil and in host plants. The ability of 
P. granlnlcolum and P. debarvanum to colonize uncropped field 
soil and their reaction to a fungistatic effect found in un­
cropped soil but not in autoclaved soil was determined. Condi 
tions for germination of oospores and sporangia, including the 
effect of a stimulus from a host root on germination of 
oospores, were also investigated. 
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REVIEW OP LITERATURE 
The first report of P. graminicolum was in 1928 on 
wheat in India (Subramaniam 1928 ). This species is re­
stricted mainly to gramineous hosts (Middleton 1943). P. 
debarvanum was first reported in 1874 as a parasite and 
saprophyte on a wide variety of plants (Hesse 1874)# This 
fungus parasitizes over two-hundred grass and non-grass 
species (Middleton 1943). 
Ho (1944) found that both P. graminicolum and P. debar?-
anum were capable of interrupting the germination of corn 
and producing lesions on roots of growing plants. P. 
graminicolum was reported by Andrews (1943) to interrupt the 
germination of various grasses. In western Canada, P. 
arrhenomanes is more destructive to older than to younger 
plants (Vanterpool and Truscott 1932). Sprague (1944) found 
similar results with P. arrhenomanes on cereals and grasses 
in North Dakota. He considered P. arrhenomanes to be the 
same species as P. graminicolum. Buchholtz (1949) reported 
recovering P. debarvanum from crested wheat grass seedlings 
most frequently the first few days after sowing but with de­
creasing frequency as the plants developed. In contrast, he 
seldom recovered P. graminicolum from seedlings for the first 
few days after sowing but recovered it with increasing fre­
quency as the plants developed. A similar relationship for 
these fungi has been recorded on barley and corn (Summers 
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and Buchholtz 1958 j Hampton and Buchholtz 1959)* 
Pythiaceous fungi are frequently isolated directly from 
soil. Angell (1954) isolated 1,000 Pvthlum colonies per gram 
of soil. Warcup (1955» 1957) reported recovering sphaero-
sporangiate Pythium species from hyphae separated from par­
ticles of a cropped soil. He found that growth occurred only 
from hyphal tips and from young oogonia. Several species of 
Pvthlum. but not P. graminicolum, have been isolated by 
placing minute quantities of soil on or beneath agar (Meredith 
1940# McLaughlin 1947). Meredith (1938) occasionally isolated 
P. graminicolum by transferring 1 gram portions of soil to 
agar. Staffeldt (1951, 1953) employed sterilized oat and 
clover straws to isolate species of Pvthlum from soil. He 
rarely encountered P. graminicolum and then only in straws 
placed in the root zone of corn plants. 
Matthews (1931) recovered P. graminicolum from hemp seeds 
and carrot roots that were placed on the surface of flooded 
soil. Knaphus and Buchholtz (1958) recovered P. graminicolum 
from soil using crested wheat grass seedlings as a trap. 
Srinivasan (1958) isolated P. graminicolum and other Pvthlum 
species from sugar cane "eyes" buried in soil. 
The ability of Pythiaceae to colonize soil has received 
considerable attention. deBruyn (1922) found that Phytophthora 
syringe and P. ervthroseptica grew readily in autoclaved soil 
but not in field soil. Legge (1951) detected growth of P. 
porrl in soil from the crown area of Campanula plants but not 
i-n adjacent soil. Barton (1958) found that Pythium mamlllatum 
did not colonize uncropped soil but rapidly colonized soil 
containing turnip seedlings. 
Dobbs and Hinson (1953) reported a fungistatic effect 
in several soils that was capable of preventing spore germ­
ination in a number of fungi. This effect could be counter­
acted by autoclaving the soil and by the addition of powdered 
charcoal. A similar fungistasis, observed in soil by Chinn 
(1953) and Chinn and Ledingham (1957) could be counteracted 
by autoclaving or by the addition of certain kinds of crop 
residues but not, or only slightly, by the addition of various 
inorganic and organic compounds. Several soils in Nigeria 
were found to prevent spore germination in 11 out of 19 fungi 
(Jackson 1958a). A study of several soils at Rothamsted re­
vealed that fungistasis decreased with increasing soil acidity 
(Jackson 1958b). Marshall and Alexander (i960) reported that 
several bacteria restricted growth of Fusarlum in autoclaved 
soil. This growth restriction was counteracted by application 
of high levels of inorganic nitrogen to the soil, Jackson 
(1957) found that spores of Fusarlum solanl that germinated 
in soil, developed abnormally. These spores produced only 
short germ tubes bearing terminal chlamydospores. The ter­
minal chlamydospores germinated only in soil containing roots 
of pea, wheat or lettuce. 
Germination of oospores of Pythium debaryanum was first 
reported by Hesse ( l87lj.). Drechsler (19^6, 1956 ) reported 
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that oospores of P. debarvanum. P. ultimum and P.-mami11aturn 
would germinate only after two months when stored at room 
temperature. Barton (1957) observed that germination of P. 
mami11aturn oospores in soil occurred only when the soil con­
tained turnip seedlings. Concentrated exudates from germi­
nating turnip seeds also stimulated oospore germination in 
this species. Oospore germination by P. graminicolum has 
not been reported, although Ho (1941).) observed germination 
of spherical bodies that he assumed were unfertilized oogonia. 
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MATERIALS AND METHODS 
Isolates of P. graminicolum used in this study were 
obtained from corn or crested wheat grass and those of P. 
debarvanum were obtained from alfalfa. Each isolate of P. 
graminicolum was cultured from a single spherical body, 
which was probably an unfertilized oogonium. Each isolate 
of P. debarvanum was cultured from a single sporangium. 
Isolates A and B of P. graminicolum were highly pathogenic 
to crested wheat grass seedlings in autoclaved soil. The A 
isolate of P. debarvanum was slightly pathogenic, and the B 
isolate was highly pathogenic to alfalfa seedlings. 
All culturing of Pythium from soil, roots or seedlings 
was on coumarin agar. Incubation of these cultures was at 
room temperature for 3 days. Coumarin agar contained two per 
cent agar and 10 ppm. coumarin. Coumarin accelerates asexual 
sporulation by Pythium species. 
Moistureproof cellophane with the moistureproof barrier 
removed by boiling, or cellophane dialysing tubing with a 
wall thickness of 0.00072 inches, was used in determinations 
of fungistasis in soil. 
Four loam soils were included in these determinations. 
Webster loam and Clarion loam from a black soil zone were 
collected at Ames, Iowa. A heavy black loam very high in 
organic matter (referred to as Edmonton loam) was collected 
near Edmonton, Alberta. A silty clay loam from a brown soil 
zone was collected at Lettibridge, Alberta. These soils 
had hydrogen-ion concentrations of pH 6,78, 6.95» 7*70 and 
6.10 respectively. All samples were from the top six inches 
of soil which had been cropped for a number of years. 
All autoclaved soil was subjected to 120° C. Pots of 
soil were autoclaved for 6 hours, flasks for 3 hours and 
Petri dishes for 2 hours. 
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EXPERIMENTAL PROCEDURES AND RESULTS 
Colonization of Soil 
Field soil and amended field soil 
Colonization of soil by P. graminicolum and _P. debarvanum 
was determined by assaying inoculated soil for the presence 
of the two species. Determinations were made in field soil 
and autoclaved field soil, unamended or amended with two per 
cent cornmeal. The medium was prepared by placing 200 gram 
portions of moistened Webster loam in 2j?0 ml. Erlenmeyer flasks. 
Autoclaving was for 3 hours at 120° C. Inoculum, consisting 
of 1 cm. disks of 3-day-old cornmeal agar cultures, was 
placed on the surface of the media. Checks consisted of 
flasks with sterile cornmeal agar disks or without disks. 
Flasks were incubated at room temperature for 2 weeks. The 
cornmeal agar disks were then removed and the soil assessed 
for the presence of Pythium by direct isolation on coumarin 
agar. Colonization of the soil by the fungi was also assessed 
by determining the disease inciting potential of the flasks 
of soil to crested wheat grass and alfalfa. Seeds of the 
hosts were sown in pots containing the inoculated soil from 
the flasks, as illustrated in Figure 1. 
Number of isolations yielding the Pythium species by 
direct isolation from flasks of soil is recorded in Table 1. 
P. debarvanum was readily recovered by direct isolation from 
autoclaved soil and autoclaved, amended soil into which it had 
< 
Figure 1. Method of preparing clay pots for estimating 
presence of Pythium in soil by host response, 
A. four-inch clay pot, B. autoclaved 3*1 soil-
sand mixture, C. seed, D. inoculum, E. auto­
claved sand, F« piece of clay pot, G. pot-saucer. 
I ajnfiy 
;^;;;s/;;/7777_ 
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Table 1. Number of Pythium recoveries from soil by direct 
isolation. 
Inoculum and Number per 8 isolations yielding 
soil treatment P. prT»flwiîtiip.n^ ip P. debarvanum 
P. graminicolum 
Autoclaved - 0 0 
Autoclaved 4- cornmeal 8 0 
Field 0 1 
Field + cornmeal 0 3 
P. debarvanum 
Autoclaved 0 8 
Autoclaved + cornmeal 0 8 
Field 0 3 
Field + cornmeal 0 7 
Check 
Autoclaved 0 0 
Autoclaved + cornmeal 0 0 
Field 0 0 
Field + cornmeal 0 4 
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been Inoculated. P. debarvanum was recovered less frequently 
from the field soils into which it had been inoculated. It 
was also recovered from the field soils inoculated with P. 
graminicolum and from those that were not inoculated with 
either fungus. P. graminicolum was recovered only from auto­
claved, cornmeal-amended soil that had been inoculated with 
this species. 
Results of the indirect determination for the presence 
of the fungi in soil flasks, based on the incidence of dis­
ease in crested wheat grass and alfalfa, are presented in 
Table 2. These data confirm results obtained by direct iso­
lation from soil except that P. graminicolum was definitely 
present In unamended, autoclaved soil. P. debarvanum was 
demonstrated to be present in all autoclaved and autoclaved, 
amended soils into which it was inoculated, and in all field 
soils including the uninoculated controls and those inocu­
lated with P. graainicolum. P. debarvanum appeared more 
pathogenic in the autoclaved soils than it did in the field 
soils. P» graminicolum was pathogenic only on crested wheat 
grass but P. debarvanum was pathogenic on both hosts although 
it appeared to be more pathogenic on alfalfa. Cornmeal did 
not influence the pathogenicity of either species in auto­
claved soil or in field soil planted to alfalfa but decreased 
the-.disease incidence on crested wheat grass in field soil. 
This decrease in disease incidence on crested wheat grass 
caused by the addition of cornmeal was independent of the 
Table 2. Presence of P. graminicolum and P. debarvanum in soil as measured by 
disease incidence in Alfalfa and crested wheat grass planted in 
colonized soil. 
Soil treatment Crested wheat grass Alfalfa 
and species Non-germin- Seedlings Non-germin- Seedlings 
ated seed dead at ated seed dead at 
3 weeks 3 weeks 
Autoclaved soil 
_P. graminicolum 2f>a 
P. debarvanum 19.5 
Check 6.6 
Autoclaved + cornmeal 
P. graminicolum 25 
P. debarvanum 23.1 
Check 5.5 
0 4.6 0 
0.3 25 0 
0.3 5.1 0.6 
o 4.3 o 
o 24.5 0.3 
0.3  5  0 .9  
aNumber per 25 seeds planted, average of eight replicates. 
Table 2 (continued) 
Soil treatment 
and species 
Crested wheat grass 
Non-germin- Seedlings 
ated seed dead at 
3 weeks 
Alfalfa 
Non-germin- Seedlings 
ated seed dead at 
3 weeks 
Autoclaved soil 
P. graminicolum 
P„ debarvanum 
Check 
Field soil + cornmeal 
P. graminico-lum 
P. debarvanum 
Check 
16.5 
16.6 
34 
6 .4 
8.6 
9.6 
0.6 
1.3 
1.1 
0.3  
o 
0.3 
9.1 
8 
7.3 
8.8 
12.8 
11.6 
4.0  
4*6 
6.0 
2.1 
2.6 
4.4 
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inoculum used# 
P. graminicolum appeared to colonize only autoclaved 
soil. P. debarvanum colonized autoclaved and field soil but 
there was no evidence that its colonization of field soil 
was due to inoculation, but was probably part of the natural 
soil flora. Amending the soil with cornmeal had no detect­
able effect on colonization of autoclaved soil by either 
Pythium species but appeared to stimulate colonization of 
field soil by P. debarvanum. 
Autoclaved-cropped soli 
Growth of Pythium was studied following inoculation into 
soil freed from Pythium by autoclaving and then cropped to 
crested wheat grass or alfalfa. Webster loam was autoclaved 
in clay pots, seeded with crested wheat grass or alfalfa and 
placed in the greenhouse for 3 months. During this time there 
was opportunity for infestation of the soil with microorgan­
isms but it remained essentially free from Pythium. Aliquot s 
of 0.5 ml. of inoculum of P. graminicolum or P. debarvanum 
were added to the surface at the centre of Petri dishes each 
containing 50 grams of moistened soil. Dishes of soil, auto­
claved prior to inoculation, served as checks. Inoculum was 
prepared by macerating the washed thallus from cornmeal 
broth cultures in sterile distilled water in a Waring blendor 
for 2 minutes. The inoculated dishes were incubated at 20° C. 
Growth of these fungi in the soil was determined by placing 
crested wheat grass or alfalfa seedlings at 1 cm. intervals 
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from the inoculum 1, 2, 1}. and 8 days after inoculation, as 
outlined in Figure 2. After 2\\. hours the plants were trans­
ferred to coumarin agar. Samples of soil were also trans­
ferred from the site of each seedling directly to coumarin 
agar and to the tip of a crested wheat grass or alfalfa seed­
ling resting on agar. 
Recovery of the two Pythium species from autoclaved-crop-
ped and autoclaved-cropp ed-autoclaved soil, previously cropped 
to crested wheat grass or alfalfa is shown in Tables 3, ij. and £. 
P. graminicolum colonized autoclaved-cropped soil only after it 
had again been autoclaved. Recovery of this species using 
crested wheat grass, whether as a growing seedling err as a trap 
with sjsil on agar, was about twice as effective as isolating 
directly from soil. Recovery of P. graminicolum by using alf­
alfa in the same manner was no more effective than direct iso­
lation from the soil (Table 3). P. graminicolum grew across 
the Petri dish in 3 days on autoclaved-cropped-autoclaved soil. 
This species was not recovered near the site of inoculation on 
au tocla ved-cropped-autoclaved-soil at £> days either by direct 
isolation from soil or by use of alfalfa as a trap. It was 
still recovered, however, at nine days with a crested wheat grass 
trap ( Table l\.). These results agree with those for recovery of 
P. graminicolum from soil flasks in the previous experiment. 
In both cases the fungus was not recovered from autoclaved 
soil by direct isolation a short period after inoculation. 
It was recovered, however, by use of crested wheat grass 
Figure 2, Diagram showing position of inoculum and seed­
lings for Petri dish method of estimating growth 
of Pythium in soil; A. Petri dish, B. soil, 
C. position for placing seedlings, D. position 
where inoculum introduced. 
—J u. 
I cm. 
Figure 2 
Table 3. Number of recoveries of P. graminicolum and P. debarvanum from auto-
claved-cropped and autoclaved-cropped-autoclaved soil by three 
isolation methods. 
Inoculum and fungus recovered 
Soil treatment Isolation P. eraminicolum P. debaryanum 
method8 
No Crested Alfalfa No Crested Alfalfa 
trap wheat trap trap wheat trap 
-
grass grass 
trap trap 
Autoclaved-cropped 
A 0b 4 
B 0 0 14 8 
C 0 0 13 
Autoclaved-cropped-
43 autoclaved A 101 
B 103 38 115 112 
C 84 42 109 ÎOB 
I^solation methods : 
A. Direct isolation from soil. 
B. Seedling placed on soil for 2lj. hours and transferred to agar. 
C. Soil transferred to root tip of seedling previously placed on agar. 
N^umber recovered per 128 attempts. 
Table 4e Number of recoveries of P. graminicolum and P. debaryanum from auto­
claved-cropped-autoclaved soil by three methods at various time 
intervals and distances from position of inoculum. 
Isolation method 
Distance 
from 
inoculum 
(in cm.) 
Inoculum and fungus recovered 
P. graminicolum 
Days after inoc. 
1—2 2—3 4—5 8—9 
P. debarvanum 
Days after inoc. 
1—2 2—3 4—5 8—9 
Crested wheat grass trap 
Alfalfa trap 
Direct 
1 
2 
1 
2 
i 
l 
2 
f 8 7 6 8 8 A 8 
o 8 8 6 8 8 0 8 
4 7 8 6 $ 8 7 7 
4 4 6 8 3 8 0 7 
6 8 1 0 8 8 8 8 
2 4 4 0 7 8 8 8 
0 0 5 0 7 8 8 7 
0 0 4 2 3 8 7 8 
6 7 0 0 8 8 8 8 
4 4 3 0 7 8 6 8 
0 l 5 3 5 8 7 8 
l 0 2 b 3 8 5 7 
aNumber recovered per 8 attempts. 
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Table f>. Number of recoveries of P. graminicolum and P. 
debarvanum following inoculation into auto-
claved-cropped and autoclaved-cropped-autoclaved 
soil. 
Soil treatment and 
previous crop 
Autoclaved-cropped 
Crested wheat grass 
Alfalfa 
Autoclaved-cropped-autoclaved 
Crested wheat grass 
Alfalfa 
Inoculum and fungus isolated 
P. graminicolum P
€ 
debarvanum 
0a 18 
0 32 
208 316 
1 k5 330 
aNumber isolated per 38J| attempts. 
seedlings as a trap. Recovery of P. graminicolum was not 
influenced by previous cropping of the soil with crested 
wheat grass or alfalfa (Table £). 
P. debarvanum colonized autoclaved-cropped-autoclaved 
soil to a greater extent than autoclaved-cropped soil. 
Crested wheat grass or alfalfa as a trap was more effective 
than direct isolation in recovering the fungus from auto­
claved-cropped soil. There was no difference among the iso­
lation methods in recovering this fungus from autoclaved-crop 
ped-autoclaved soil (Table 3)• P. debarvanum had colonized 
the autoclaved-cropped-autoclaved soil to the edge of the 
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dish in 3 days. Recovery of P. debarvanum from the auto­
claved-cropped-autoclaved soil near the site of inoculation 
did not decrease at 5 and 9 days with any of the isolation 
methods (Table 4). Colonization of autoclaved-cropped soil 
by P. debarvanum apparently did not extend more than 1 cm. 
from the site of inoculation. There was no difference in 
the recovery of P. debarvanum from autoclaved-cropped and 
autoclaved-cropped-autoclaved due to previous crop (Table £>)• 
Field soil cropped to corn and soybeans 
Another experiment, similar to the previous one, was 
designed to determine the incidence of Pythium in cropped 
field soils. Moistened Webster loam, previously cropped to 
corn or soybeans, was prepared in Petri dishes as described 
previously. Dishes of soil autoclaved previous to inocu­
lation served as checks. Inoculation was with agar disks 
containing the Pythium species. Pythium was recovered either 
directly by placing soil on agar or indirectly by trapping 
from soil on agar with crested wheat grass seedlings. The 
soils were assessed for degree of colonization after 4 days 
incubation at 20° C. 
Recovery of Pvthlum from field and autoclaved soil pre­
viously cropped to corn and soybeans is recorded in Table 6. 
Data for the two methods of recovery are grouped in this table 
as there was no difference in the number of colonies recovered 
by each method. This is in agreement with the results for 
Table 6. Number of recoveries of Pvthlum from soils previously cropped to corn 
or soybeans and inoculated with P. graminicolum and P. debarramm. 
Soil treatment and 
fungus recovered P. 
Inoculum 
eraminicolum P. debarvanum None 
Soil previously cropped to corn » 
Autoclaved soil 
P. eraminicolum 
T. debarvanum 
l5a 
0 
0 
29 
0 
0 
Field soil 
Nematosporaneiate Pythium SPP. 
S-phaerosTDOraneiate Pvthlum SPP. 
0 
17 
1 
22 
0 
25 
Soil previously cropped to soybeans 
Autoclaved soil 
P. eraminicolum 
P. debarvanum 
8 
0 
0 
32 
0 
0 
Field soil 
Nematosnoraneiate Pvthlum SPP. 
Snhaerosnoraneiate Pvthlum spp. 
1 
22 
1 
27 
k 
20 
aNumber isolated per 32 attempts. 
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recovery of the two species in the previous experiment. Re­
covery of both species was essentially the same by these two 
methods at four days. Oogonia and antheridia were not readily 
formed on coumarin agar making it difficult to definitely dis­
tinguish P. eraminicolum and P. debarvanum from certain other 
Pvthlum species in these soil's. The Pvthlum species detected 
in the field soil were therefore placed into two groups ac­
cording to type of sporangia produced. The nematosporangiate 
group included P. eraminicolum and the sphaerosporangiate 
group included P. debaryànum. 
Recovery of both groups of Pythium from these soils 
following autoclaving and inoculation was similar to that 
from autoclaved-cropped-autoclaved soil and from the auto­
claved soil flasks. However, P. eraminicolum was recovered 
twice as frequently from soil cropped previously to com than 
from that previously cropped to soybeans. Nematosporangiate 
Pythium species were recovered from the field soils only 
seven times in 192 attempts. The number of nematosporangiate 
Pvthlum species recovered was almost identical by direct iso­
lation and by the use of a host species as a trap. Sphaero­
sporangiate Pythium species were readily recovered from the 
field soils. Neither previous cropping nor the addition of 
inoculum influenced recovery of this type of Pythium. 
Fungistasis 
The foregoing results have shown that growth of the two 
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Pythium species is retarded in field soil as compared to 
growth in autoclaved soil; To gain a clearer understanding 
of this apparent fungistasis in field soil, growth of the 
two Pythium species in close contact with soil, but not in 
it, was carefully observed. 
Agar disks (0.4 cm. in diameter) containing the fungus 
were placed between two sheets of previously boiled cello­
phane 9 cm. in diameter. These were buried in Petri dishes 
containing field or autoclaved Webster loam. After an in­
cubation period of 6 days at 20° C. they were removed and 
examined for growth. 
In autoclaved soil P. graminlcolum had grown to the 
edge of the cellophane. Oogonia and antheridia and thick-
walled oospores had formed in the agar disk and between the 
layers of cellophane but sporangia were not formed in either 
place. In field soil P. eraminicolum did not grow beyond 
the agar disk. No oogonia or antheridia were formed but an 
occasional sporangium was observed in the inoculum disk. 
In autoclaved soil P. debarvanum had grown nearly to the 
edge of the cellophane. Neither oogonia and antheridia nor 
sporangia were formed between the layers of cellophane and 
only a few sporangia were formed in the agar disk. In field 
soil P. debarvanum had grown 0.f> cm. between the layers of 
cellophane. Sporulation was the same as on autoclaved soil. 
The disks containing each of the Pvthlum species, after having 
been buried in field soil, produced colonies of mycelium 
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within 21}. hours after transfer to distilled water. Thus 
there seems to be a fungistatic effect on Pythium in field 
soil that is not evident with autoclaved soil. 
Assay method 
Several attempts were made to find a quick method for 
observing the fungistatic effect of soil. The method finally 
adopted briefly consisted in measuring mycelial growth from 
agar disks separated from soil by a single sheet of cello­
phane . The method is illustrated in Figure 3. Disks of agar 
0,1). cm. in diameter were placed in each corner of ij.»5 cm. 
squares of dialysing cellophane on soil in Petri dishes. 
Sufficient moisture was added to insure a liquid contact be­
tween the cellophane and the soil surface. Following^  incu­
bation at 20° C. for 2i|. hours the cellophane squares with 
inoculum were transferred to large glass slides and growth 
measured in millimeters. A disadvantage of this method was 
that excessive soil moisture was necessary for its use. 
Effect of four loam soils 
The following loams were assayed for fungistasis to 
Pvthlum: Webster, Clarion, Lethbridge and Edmonton. An 
agar check was included. 
Influence of the four soils on growth of two isolates of 
each of the two Pythium species is given in Table ?. All 
isolates grew on the four autoclaved soils and on the agar 
control but none grew on any of the field soils. The mean 
Figure 3. Method for assaying soil for fungistasis to Pythiumt 
A. Petri dish, B, moistened soil, C. disk of agar 
inoculum, D. dialysing cellophane. 
Figure 3 
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Table ?• Growth of P. eraminicolum and P. debarvanum in 
millimeters on cellophane placed on four loam 
soils. 
Growth in 2l\. hours 
Soil and fungus 
Field Autoclaved Agar 
soil soil 
Webster 
P. eraminicolum A 0 3.8 
P. eraminicolum B 0 8.0 
P. debarvanum A 0 11.3 
F. debarvanum B 0 13,3 
Clarion 
P. graminicolum A 0 5.5 
F. graminicolum B 0 9*0 
P. debarvanum A 0 13.8 
F. debarvanum B 0 lq.,3 
Lethbridge 
P. graminicolum A 0 6.3 
F. graminicolum B 0 11.0 
P. debarvanum A 0 12.8 
F. debarvanum B 0 l6.0 
Edmonton 
P. graminicolum A 0 2.5 
F. graminicolum BO 3.0 
P. debarvanum A 0 6.5 
F. debarvanum B 0 9«8 
Agar 
P. graminicolum A 3*5 
F. graminicolum B 13.0 
P. debarvanum A 9.3 
F. debarvanum B if)..3 
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growth of P. graminicolum and P. debarvanum on all the auto­
claved soils did not differ from that on the agar check but 
growth was significantly less on the Edmonton soil than on 
the Lethbridge soil. This retardation of growth on the auto­
claved Edmonton soil may have been a function of the very 
high organic matter content of this soil. Of the two isolates 
tested for each species the B isolate in each case made greater 
growth on autoclaved soil and on agar than the A isolate. 
Effect of soil amendments 
Various soil amendments were tested for their effect on 
fungistasis to Pvthlum. Growth of the four Pvthlum isolates 
was determined on Lethbridge soil to which had been added 
activated carbon, glucose or Czapek's sucrose-nitrate medium. 
These were incorporated on the basis of weight of amendment 
per unit weight of air-dry soil. An assay for fungistasis 
was made immediately following application of the treatments 
to the soil or after 1, 3 or 6 days had elapsed. 
Growth of the four isolates on the amended soils is 
recorded in Tables 8 and 9» Neither level of activated 
carbon counteracted the fungistatic effect of the soil to 
either Pythium species. Fungistasis of the soil to Pythium 
was counteracted during the assay period immediately follow­
ing the addition of glucose or Czapek's medium. The fungi­
static effect of soil amended with glucose or Czapek's medium 
increased with increasing time between amending the soil and 
Table 8. Growth In millimeters of two isolates of P. graminicolum. as influenced 
by soil subjected to various amendments. ~~ 
Time lapse between treatment and assay 
Treatment 
0 days 1 day 3 days 6 days 
Isolate A 
Field soil 
- 1$ activated carbon 
0 0 0 0 
Field soil 0 0 0.3 0 
Field soil - 10$ activated carbon 0 0 0 0 
Field soil - 0.1$ glucose 1.5 0.5 0 0 
Field soil - 1.0% glucose 0 0.8 0.3 0.3 
Field soil - Czapek's medium 3.8 2.0 0.3 0 
Autoclaved soil 3.5 2.3 0.3 0 
Isolate B 
0.8 Field soil 
- 1$ activated carbon 
0 2.3 1.0 
Field soil 0.3 0.8 1.0 0 
Field soil - 10$ activated carbon 0.3 1.5 0.5 0.8 
Field soil - 0.1$ glucose 3.3 1.5 1.3 0.5 
Field soil -, 1.0$ glucose 2.0 3.0 3.5 2.5 
Field soil - Czapek's medium 4.8 a.O 1.5 0 
Autoclaved soil io.5 8.0 1.3 3.3 
Table 9» Growth in millimeters of two isolates of P. debarvanum. as influenced 
by soil subjected to various amendments. 
Time lapse between treatment and assay 
Treatment 
0 days 1 day 3 days 6 days 
Isolate A 
Field soil 
- 1$activated carbon 
0 0 0.3 0.3 
Field soil 0.3 0 0 0 
Field soil - 10% activated carbon 0.3 0 0.3 0 
Field soil - 0.1$ glucose 3.0 0 0 o.5 
Field soil - 1.0$ glucose 5.0 1.3 1.3 1.0 
Field soil - Czapek's medium 3.8 1.5 0 0 
Autoclaved soil 11.5 5.5 0 0 
Isolate B 
Field soil 
- 1$ activated carbon 
0 0 0.3 0 
Field soil 0 0.3 0 0.3 
Field soil - 10$ activated carbon 0 0 1.0 0 
Field soil - 0.1$ glucose 3.5 o.5 0 0.3 
Field soil - 1.0$ glucose 6.5 3.3 2.3 1.3 
Field soil - Czapek's medium 9.0 2.0 1.0 0 
Autoclaved soil 13.6 9.3 0 0 
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assaying for fungistasis. The fungistatic effect of soil 
amended with the lower level of glucose returned more rapidly 
than that of the soil amended with the higher level. Fungi­
stasis at 6 days after the addition of the higher level of 
glucose revealed some growth of Pythium, but no growth in the 
6-day assay of soil occurred with the lower level of glucose. 
Solutions extracted from these soils were examined for the 
presence of free sugar. The solutions were spotted on filter 
paper and tested with aniline-phthali c acld-butanol. A low 
level of free sugar was detected in the solution from soil 
amended with one per cent glucose and no sugar was found in 
the solution from soil amended with 0.1 per cent glucose 
(Figure 4). This indicates that the presence of glucose 
partially counteracted the fungistatic effect. Growth of all 
four Pythium isolates was greater on autoclaved than on field 
or amended field soil. Both Pythium species grew readily on 
soil that was autoclaved and protected from contamination 
until assayed, but there was no growth of either species on 
autoclaved soil 3 or 6 days after this soil was exposed.to 
contamination by air-borne microorganisme. 
Measurements of growth were of linear hyphal extension 
and results reported in Tables 8 and 9 give no indication of 
mycelial density. Growth of the Pythium species on field soil 
and the amended field soils was sparse. A dense mat of myce-
lius was formed during the immediate assay on the field soils 
amended with glucose or Czapek's medium, and on autoclaved 
Figure !(.. Reaction of soil solutions to aniline-phthalic 
acid-butanol for detection of carbohydrates '• 
A and D, soil amended with 1 per cent glucose; 
B and E, soil amended with 0.1 per cent glucose ; 
C and F, soil unamended; G, 1 per cent aqueous 
glucose control. A, B and C were not incubated 
while D, E and F were incubated for eight days 
following addition of glucose. 
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soil. 
Effect of inorganic nitrogen 
Soil was amended with inorganic nitrogen to determine 
its effect on fungistasis to Pythium. To Lethbridge soil 
was added ammonium chloride and sodium nitrate at the rates 
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of 200, 2,000 and 20,000 pounds of nitrogen per acre. The 
volume of soil contained in the Petri dish was related to 
that in 1 acre to a depth of 6 inches to determine the amount 
of nitrogen added. Sodium chloride in equivalent amounts 
was included as a check. Fungistasis of the amended soils 
to Pythium was assayed by the cellophane method. 
Fungistasis to the two Pythium species by field soil 
was unaffected by the addition of the nitrogen or sodium 
salts to field soil. 
Soil fractions and fungistasis 
Soil was divided into three fractions according to par­
ticle size, and the degree of fungistasis of each fraction 
to the two Pythium species was determined. The soil fractions 
were obtained by sedimentation. Aliquots of 100 grams of 
Lethbridge soil were dispersed in 1 liter of distilled water. 
A minute later the supernatant liquid was poured off and the 
sediment washed repeatedly until the water was clear. The 
washed sediment was used as a coarse fraction. The super­
natant plus the washings from the coarse fraction were combined, 
shaken, and settled for 1 hour. The sediment obtained was 
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washed as above. This sediment was used as the medium fraction. 
The washings and supernatant from the medium fraction were 
centrifuged at 1000g_for 10 minutes. The residue obtained 
was used as the fine fraction. The three fractions were as­
sayed by the cellophane method for their influence on growth 
of Pythium. 
Growth of two isolates of P. graminicolum and two of P. 
debaryanum on the soil fractions is recorded in Table 10. 
Practically no growth of Pythium occurred on either the soil 
Table 10. Growth in millimeters of P. graminicolum and P. 
debaryanum on fractions of Lethbridge loam 
differing in particle size. 
P. graminicolum P. debaryanum 
Soil fraction 
Isole A Isole B Isol. A Isol B 
Coarse 0 0 0 0.3 
Medium 0 0.4 0.3 0.1 
Fine 0 0.3 0.3 0.5 
Whole soil 0 0.4 0.3 0 
Autoclaved soil 2.0 10.1 io.5 13.6 
Agar 1.3 9.3 6.4 10.5 
fractions or on the unfractionated field soil. The fungi­
static effect is apparently not associated with a soil fraction 
of a particular particle size. 
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Host and fungistasis 
An experiment was designed to determine the influence 
of the host on soil fungistasis to P. graminicolum. The 
host was used both as an inoculum source and to determine 
its effect on fungistasis. Inoculum contained in agar disks 
and infected corn roots was placed between layers of cello­
phane and buried in Webster loam. Crested wheat grass seed­
lings were placed so the root tips were either in contact 
with the inoculum or separated from the inoculum by an addi­
tional layer of cellophane. Inoculum in the absence of crested 
wheat grass seedlings served as a check. The dishes were 
incubated at 20° C. for 6 days. 
The presence of a host in field soil did not affect 
fungistasis of the soil to Pythium. Growth did not occur in 
any of the treatments nor was P. graminicolum isolated from 
seedlings in contact with the inoculum. 
Separation of the fungistatic effect 
An attempt was made to remove from soil by dialysis 
whatever it is that is fungistatic to Pythium. Thirty grams 
of Webster loam were placed in a cellophane bag, wetted, and 
suspended in 200 ml. of distilled demineralized water for 2lj. 
hours. The solution was concentrated to ten per cent under 
partial vacuum at 25 to 30° C. and stored at 0° C. Filter 
paper disks were immersed in the concentrate and transferred 
to the edge of colonies of P. graminicolum and P. debaryanum 
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growing on two per cent agar in Petri dishes. Dishes were 
incubated at room temperature for 12 hours and examined for 
mycelial growth. 
There was no evidence of a fungistatic effect in the 
concentrated solution dialysed from soil. 
Germination of Reproductive Bodies 
Sporangia 
Production of sporangia by P. graminicolum and P. 
debaryanum was obtained by growing the two species on two 
per cent agar and on coumarin agar. Sporangia were germinated 
by placing portions of agar cultures in Syracuse watch glasses 
and adding distilled water to the level of the upper surface 
of the transfer. The water was changed two to three times 
daily during incubation at room temperature. 
Sporangia from cultures of P. graminicolum and P. 
debaryanum up to 3 weeks old germinated within 2lj. hours and 
produced one or more germ tubes. Sporangia of P. graminicolum. 
formed on agar and allowed to dry for 3 months at room tem­
perature did not germinate even after 1 week in distilled 
water. Sporangia in similarly treated cultures of P. 
debaryanum produced géra tubes within 2lj. hours after the addi­
tion of distilled water. When cultures of P. graminicolum 
containing sporangia were allowed to remain for 4 months 
under high humidity these organs had developed numerous short 
germ-tube-like protuberances. The sporangia were nearly void 
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of contents. These sporangia did not grow when transferred 
to distilled water and had presumable succumbed. Similarly-
treated cultures of P. debarvanum containing sporangia did 
not germinate during storage but produced germ tubes within 
2l(. hours on transfer to distilled water. The sporangia of 
P. debaryanum are probably more tolerant to aging and drying 
than those of P. graminicolum. 
Oospores formed in culture 
Oospores are generally considered to be the principal 
overwintering bodies and therefore the primary inoculum of 
the root-rot-inciting species of Pythium. The evidence 
presented so far indicates that P. graninicolum and P. 
debaryanum do not grow to any extent in uncropped soils so 
they must persist mainly as resting bodies. 
Germination of oospores produced by P. graminicolum and 
P. debaryanum was studied by subjecting them to various treat­
ments as follows. Suspensions of oospores were prepared by 
mascerating cornmeal broth cultures in sterile distilled 
water for three minutes in a Waring blendor. The oospores, 
along with mycelial fragments and sporangia, were settled 
out of suspension by centrifuging. The supernatant was poured 
off and the sediment mixed with a few drops of distilled 
water. This suspension was then mixed with the solution to 
be tested and placed, in drops, on the surface of two per 
cent agar in Petri dishes. Suspensions prepared by this 
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method contained reasonable numbers of oospores that were 
free from viable mycelium. Inoculum of P. dIbarramim pre­
pared in this manner contained viable sporangia in addition 
to oospores. 
Effect of hydrogen-ion concentration Oospore ger­
mination was determined in solutions with pH Ij. to pH 8. 
Hydrogen-ion concentration of oospore suspensions was ad­
justed with citric acid-disodium phosphate buffer. Aliquots 
of 1 ml. were added to the surface of two per cent agar and 
incubated at 20° C. for 3 days. 
Only one oospore of P. graminicolum germinated at any 
of the hydrogen-ion concentrations tested. Spherical bodies 
of P. graminicolum germinated at pH 5 to pH 8 but not at pH Ij.. 
Germination of spherical bodies in solutions of pH 5 to pH 8 
did not differ from germination in distilled water. 
Influence of host A number of attempts were made to 
determine the effect of the host on germination of P. 
graminicolum oospores. These determinations were made with 
host roots, solutions containing host root exudates, and 
solutions containing exudates from germinating seeds of host 
plants. The exudates were concentrated under partial vacuum 
at 25 to 30° C. Petri dishes of two per cent agar containing 
drops of oospore suspensions mixed with the solutions or in 
contact with roots of seedlings were incubated for 3 days at 
20° C. 
Germination of P. graminicolum oospores formed in culture 
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was not stimulated by host roots or exudates therefrom. 
Influence of high temperature and carbon dioxide concen­
tration Aqueous suspensions of P. graminicolum oospores 
were prepared as previously described and pretreated at 45° C. 
in test tubes for 5, 10, 20 and 30 minutes. Drops of suspen­
sion were placed on agar ,in Petri dishes in desiccators and 
incubated in a normal atmosphere and in an atmosphere contain­
ing 0.5 per cent carbon dioxide for Ij. days at room temperature. 
The carbon dioxide concentration was adjusted by reducing the 
pressure in the desiccator by the equivalent of 4 mm. of mercury 
and introducing carbon dioxide until the pressure returned to 
normal. 
Neither the temperature pretreatment nor the increase 
in carbon dioxide concentration in the air stimulated ger­
mination of P. graminicolum oospores. 
Effect of substrate and storage period P. graminicolum 
and P. debarvanum were grown in Petri dishes on two per cent 
agar and cornmeal agar. The dishes were stored for periods of 
up to 5 months at room temperature and a relative humidity of 
about 20 per cent. After 1 month the media had dried down to 
a thin film. Cultures were flooded with sterile distilled 
water for periods of from 36 to 194 hours. Portions of agar 
and thallus were transferred to two per cent agar after various 
periods of flooding. Only those cultures of P. graminicolum 
that were grown on cornmeal agar and stored for 5 months be­
came active. These cultures produced colonies only when they 
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were flooded for more than 6o hours prior to transfer to two 
per cent agar. P. graminicolum was recovered from two per 
cent agar cultures only a'fter 1 month of storage and then 
only when the agar medium was not completely dried out. P. 
debaryanum grew from all transfers, both from two per cçnt 
agar and from cornmeal agar at all periods of flooding, 
following storage from 1 to 5 months. P. graminicolum grown 
on cornmeal agar produced only oospores and on two per cent 
agar produced only sporangia. Failure of P. graminicolum to 
grow from samples from two per cent agar, in contrast to its 
growth from samples from cornmeal agar indicates that oospores 
of this species are more tolerant to drying than are sporangia 
or mycelium. P. debaryanum produced both sporangia and oospores 
on each of the two media. It was not possible to trace hyp hae 
to specific oospores or sporangia, therefore either sporangia 
or oospores may have given rise to the colonies produced. 
Effect of short storage periods at low and high humidity 
P. graminicolum and P. debaryanum were grown on cornmeal agar 
and stored for periods from 0 to 6if days in Petri dishes at 
room temperature in relative humidities of about 8 and 100 per 
cent. The humidities were obtained by using either calcium 
chloride or distilled water in closed containers. A series of 
disks containing the fungi was transferred to containers ad­
justed to each humidity before differentiation of sexual organs 
and another series was transferred after oospores were formed. 
After storage from 0 to 64 days at each humidity, disks con­
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taining each fungus were transferred immediately to two per 
cent agar. In addition, disks stored at the low humidity were 
flooded with sterile distilled water for 1 to £ days prior to 
transferring them to agar. 
The number of P. graminicolum and P. debaryanum re­
covered from disks of inoculum after storage at low humidity 
followed by flooding, and after storage at high humidity, are 
recorded in Table 11. The data for recovery from cultures 
Table 11. Number of P. graminicolum and P. debaryanum re­
covered from disks of inoculum after storage at 
low humidity followed by flooding and after 
storage at high humidity. 
Days 
stored 
Days flooded following low humidity 
-0 1 2 2 k 1 
High 
humidity 
P. graminicolum 
0 20a 
2 19 20 20 20 20 20 20 
4 2 5 13 20 19 19 20 
o 0 0 0 0 0 0 20 
8 0 0 0 0 0 0 20 
16 0 0 0 0 0 0 20 
32 0 0 0 0 .0 0 20 
64 0 0 0 0 0 0 20 
2. debaryanum 
0 20 
2 20 20 20 20 20 20 20 
4 20 20 20 20 20 20 20 
6 20 20 20 20 2:0 20 20 
8 20 20 20 20 20 20 20 
16 20 20 20 _ 20 20 20 20 
32 20 20 20 20 2.0 20 20 
64 16 18 20 20 20 20 20 
aNumber growing out of 20. 
44 
transferred before and after differentiation of reproductive 
bodies were combined because there was no difference between 
these two treatments. Dicks at low humidity had decreased 
in volume by about one-half in 2 days and were almost dried 
out in 1|. days. Flooding for 1 to 2 hours returned desiccated 
disks to approximately their original volume after all storage 
periods. 
P. graminicolum was readily recovered after all storage 
periods at high humidity and after storage for 2 days at low 
humidity. P. graminicolum was recovered readily after storage 
at low humidity for 4 days only if it had been flooded for 
2 to 5 days. It was not recovered, however, following 6 to 
61|. days storage at low humidity even after $ days flooding. 
P. debaryanum was easily recovered after all storage periods 
at low and high humidity even without flooding. It would 
appear that oospores of P. graminicolum required a period of 
flooding before germination would occur, but flooding was not 
necessary for germination of oospores of P. debarvanum. The 
consistent lack of recovery of P. graminicolum after desicca­
tion for 6 days or more is an indication that this species 
is susceptible to killing by desiccation. In contrast, P. 
debarvanum appears to be highly resistant to desiccation. 
Oospores formed in host roots 
Influence of length of storage Corn roots containing 
oospores of P. graminicolum were dried for nearly 2 years at 
room temperature. Root pieces, 0.1 cm. in diameter and 1 cm. 
in length were flooded with distilled water in Syracuse watch 
glasses for periods up to 28 days. After flooding, the roots 
were transferred to Petri dishes of coumarin agar and in­
cubated at room temperature. 
Number of P. graminicolum colonies obtained from infected 
com roots after storage at room temperature following various 
periods of flooding is presented in Table 12. P. graminicolum 
Table 12. Number of P. graminicolum colonies growing from 
dried corn™"roots exposed to. various storage periods 
and intervals of flooding. 
Storage Days Number of Number of 
in months flooded root pieces colonies 
0 
1 
20 
20 
20 
20 
22 
22 
22 
22 
22 
22 
22 
0 
J 
a* 
28 
0 
1 
2 Ï 
12 
16 
20 
10 
8 
k 
I 
20 
0 
0 
2 
A 
o 
0 
0 
2 
0 
5 
3 
was recovered from infested corn roots after 20 to 22 months 
storage after I4. to 28 days of flooding but was not recovered 
after flooding for only 1 or 2 days. Recovery of P. 
graminicolum from corn roots following storage was similar 
to that from dried agar cultures. In both experiments a 
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period of flooding of about 4 days after storage was nec­
essary for recovery of the fungus. 
Effect of host Aqueous oospore suspensions of P. 
graminicolum and P. debarvanum from crested wheat grass 
seedlings were exposed to roots of live crested wheat grass 
seedlings and root exudates from crested wheat grass seed­
lings on two per cent agar. Aqueous suspensions of oospores 
were obtained by mascerating dried crested wheat grass seed­
lings in distilled water. The suspensions were centrifuged 
and the centrifugate resuspended in a few ml. of distilled 
water. Exudates were obtained from crested wheat grass seed­
lings grown for two weeks on moist filter paper. The exudates 
were removed by flooding the seedlings with 25 ml. of dis­
tilled water for 24 hours. Exudates were concentrated to 
one-tenth volume by evaporation under partial vacuum. Drops 
of oospore suspension, mixed with root exudates or distilled 
water, were placed on two per cent agar in Petri dishes. A 
crested wheat grass seedling was placed in contact with drops 
containing distilled water. Dishes were incubated for 5 days 
at room temperature. 
Oospore germination was not evident after 4® hours of 
incubation. Nevertheless by five days colonies had grown from 
drops of oospore suspensions. As no viable sporangia or 
mycelium were present in the inoculum the colonies were pre­
sumed to have developed from germinating oospores of P. 
graminicolum. Number of drops giving rise to colonies after 
47 
five days incubation is recorded in Table 13» The presence 
of seedling roots stimulated germination of oospores of both 
species. Root exudates stimulated germination of oospores 
of P. debarvanura but had little effect on those of P. grami­
nicolum. It is of particular interest that roots of seedlings 
Table 13. Number of colonies of P. graminicolum and P. 
debaryanum growing from dried roots in contact 
with seedlings or exudates from seedlings of 
crested wheat grass. 
Treatment P. graminicolum P. debaryanum 
Seedling roots 9a 13 
Seedling root exudate 0 6 
Seedling root exudate (conc. ) 2 15 
Distilled water 0 0 
aNumber recovered per l6 attempts. 
stimulated germination of oospores of P. graminicolum in dried 
roots. Other experiments had indicated no stimulatory effect 
of crested wheat grass seedlings on germination of oospores 
of P. graminicolum that were formed in culture. 
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DISCUSSION 
The results presented here Indicate that P. graminicolum 
is readily recovered by direct isolation from autoclaved soil 
for a short period of time after inoculation, but frequency 
of recovery declines markedly about a week after inoculation. 
Observation of colonies produced between sheets of cello­
phane buried in autoclaved soil showed that abundant produc­
tion of oospores had occurred by 1 week after burial. 
Oospores from cornmeal agar cultures and from crested wheat 
grass roots did not germinate readily. This suggests that 
the decline in frequency of recovery of P. graminicolum in 
autoclaved soil is associated with oospore production by the 
fungus. When cornmeal was added to autoclaved soil P. 
graminicolum was recovered by direct isolation for a longer 
period of time, possibly because the fungus remained in a 
vegetative stage. There was no decrease in frequency of 
recovery of P. debarvanum from autoclaved soil with in­
creasing time after inoculation during a 2 week period, 
P. debarvanum was found to remain in a vegetative stage longer 
than did P. graminicolum when exposed to soil between layers 
of cellophane. Reproductive bodies of P. debarvanum also 
appeared to germinate more readily thai did those of P. 
graminicolum. 
P. graminicolum was rarely recovered from field soil 
by direct isolation but P. debarvanum was readily recovered 
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by this method of isolation. These results agree with those 
reported by McLaughlin (1947)» Meredith (1938» 1940), and 
Staffeldt (19^ 1» 1953)• There was no increase in frequency 
of recovery of either Pythlum species after inoculation of 
uncropped field soil, a result which suggests little growth 
of Pythiura in soil. 
There is a fungistatic effect on growth of mycelium of 
P. graminicolum and P. debarvanum in uncropped field soil. 
This fungistasis is not evident in autoclaved soil until it 
has been exposed to air. Barton (1961) found that in natural 
soil P. mamlllatum would not colonize substrates in which 
other fungi were established. Fungistasis may aid in sur­
vival of Pythlum in soil. Lockwood (i960) found that after 
burial of Pythlum in field soil for a few days, mycelium 
was lysed but reproductive organs were apparently unaffected. 
The fungistasis to Pythlum encountered in this inves­
tigation, différé from that described by Chinn and Ledingham 
(1957) in that it is partially counteracted by the addition 
of simple sugars. It differs from that described by Dobbs 
and Hinson (1953 ) by not being affected by the addition of 
up to ten per cent activated carbon. Fungistasis to Pythlum 
is unaffected by heavy application of inorganic nitrogen, 
thereby differing from the effect described by Marshall and 
Alexander (i960). These fungistatic effects are similar in 
that they are not exhibited by autoclaved soil, all have been 
found in a variety of soils, and none of them are shown by 
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soil extracts. There was no association between soil particle 
size and fungistasis to Pythlum. as there was between soil 
particle size and Pythlum population as found by Angell 
(1954). 
Oospores of P. debaryanum appeared to germinate under 
conditions conducive to growth of mycelium. In contrast, 
oospores of P. graminicolum. whether from culture or from 
infected roots, required a soaking period of about k days 
before germination occurred. It is possible that the oo­
spore wall of P. graminicolum is fairly impervious to water, 
or that a germination inhibitor associated with the oospores 
is inactivated by soaking. Oospores of P. graminicolum 
formed in culture but not previously soaked were not stim­
ulated to germinate by exposing them to host roots or exu­
dates therefrom, by pretreating them at high temperature, by 
placing them in solutions with pH 5 to pH 8 or by placing 
them in an atmosphere with a carbon dioxide content of about 
0.5 per cent. 
Oospores of P. graminicolum and P. debarvanum. when 
stored at atmospheric humidity and room temperature, were 
viable after 5 months when stored in cornmeal agar and after 
22 months when stored in host roots. Oospores of P. gramini­
colum apparently remained viable for only a few days when 
stored in agar culture over calcium chloride, but oospores 
of P. debaryanum survived for over two months when stored 
in a similar manner. Sporangia of P. graminicolum did not 
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grow after two months of storage at low or high humidity, 
while those of P. debaryanum were apparently able to survive 
at low or high humidity for as long a time as the oospores. 
On the basis of these results, oospores of P. graminicolum. 
and oospores and sporangia of P. debarvanum could survive 
for long periods under field conditions. 
The possibility cannot be overlooked that a host exudate 
may incite oospore germination in the two Pythlum species 
under field conditions. The relatively few oospores which 
germinated following flooding may indicate that an additional 
factor is necessary for abundant germination. Recovery of 
P. graminicolum from crested wheat grass seedlings when this 
fungus was not recovered by direct isolation from soil strongly 
suggests that a root stimulus may be involved in activating 
P. graminicolum. Development of colonies by both Pythlum 
species from dried roots containing oospores, which were in 
contact with growing host roots, also points to a stimulus 
from a root as a precursor to germination of oospores. Stim­
uli from host roots for oospore germination have been reported 
by Barton (1958) and Scharen (i960). Exudates from crested 
wheat grass seedlings stimulated oospore germination only in 
P. debaryanum. The seedlings themselves stimulated oospore 
germination in both P. debaryanum and P. graminicolum. This 
suggests that the stimulus provided by host roots must be of 
greater magnitude for P. graminicolum than for P. debaryanum 
or that separate stimuli are involved in promoting germ­
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ination of oospores of the two Pythlum species. Oospores 
of P. graminicolum formed iri cornmeal agar appeared to differ 
from those formed in host roots in that they were not stim­
ulated to germinate by contact with host roots. 
The following concept of the behaviour of Pythlum 
graminicolum and P. debaryanum in soil is postulated on the 
basis of results of the foregoing experiments. Both Pythlum 
species spread mainly in host roots because of the fungi­
static effect of uncropped soils. The fungi probably survive 
as oospores and sporangia in the case of P. debaryanum and as 
oospores only in the case of P. graminicolum. The fact that 
P. debaryanum is more readily recovered than P. graminicolum 
from young seedlings may be partially due to a more prolific 
production of infectious entities by the former. Its spo­
rangia, being more resistant to desiccation and aging, are 
probably more abundant in soil early in the growing season. 
Oospores of P. debaryanum also developed germ tubes more 
rapidly than did oospores of P. graminicolum. Germinating 
seeds may produce a substance that stimulates germination of 
P. debaryanum or counteracts the fungistasis present in un­
cropped sail. The growing grass seedling on the other hand 
may give off a stimulus specific for germination of oospores 
of P. graminicolum. The difficulty in isolating P. gramini­
colum directly from soil is probably the result of non-germ­
ination of oospores because the stimulus necessary for 
oospore germination is not provided by this method of isolation. 
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SUMMARY 
P. graminicolum was rarely recovered by direct isola­
tion from uncropped field soil but was readily recovered by 
direct isolation from autoclaved soil into which it was in­
oculated. In autoclaved soil, recovery of this fungus by 
direct isolation declined with time following inoculation. 
Recovery of P. graminicolum from autoclaved soil did not 
show a decline with time lapse between inoculation and sampling 
when host roots were used to trap the fungus. P. debarvanum 
was recovered from field and autoclaved soil as readily by 
direct isolation as by trapping the fungus with host roots 
and showed no decline in frequency of recovery with time. 
P. graminicolum and P. debarvanum did not colonize 
uncropped soil. Uncropped field soil exhibited fungistasis 
to two isolates of each Pythlum species. This fungistatic 
effect was exhibited by four loam soils from three widely 
separated locations. The fungistatic effect was transferred 
through a layer of cellophane. Autoclaved soil exhibited no 
fungistatic effect. Fungistasis was partially counteracted 
by addition of either glucose or Czapek's sucrose-nitrate 
medium to the soil. It was unaffected by addition of ammonium 
or nitrate at high levels or by admixture of up to ten per cent 
activated carbon to the soil. The fungistatic effect was not 
associated with a soil fraction of a particular particle size 
and was not exhibited by soil extracts. This fungistasis 
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does not appear identical to those reported by other workers. 
Oospores of P. graminicolum required a soaking period 
of about Ij. days before any germination would occur but those 
of P. debaryanum were apparently able to germinate immediately 
under conditions suitable for mycelial growth. Unsoaked 
oospores of P. graminicolum produced in cornmeal agar were 
not induced to germinate by host roots or exudates there­
from, by solutions with pH 5 to pH 8, by pretreatment for up 
to 30 minutes at 45° C., or by carbon dioxide content of 
the atmosphere of about 0.5 per cent. Sporangia of P. 
debaryanum remained viable longer and were more resistant to 
desiccation than those of P. graminicolum. In soil primary 
inoculum of P. graminicolum is probably oospores while that 
of P. debaryanum is probably oospores and sporangia. 
Contact with growing crested wheat grass roots stimu­
lated germination of oospores of P. graminicolum formed in 
host roots but not of those formed in cornmeal agar. Con­
tact with growing crested wheat grass roots or with exudates 
collected from crested wheât grass roots increased germina­
tion of oospores of P. debaryanum that were formed in host 
tissue. The difference in reaction by the two species to 
host root exudates suggests that a difference in magnitude 
of the stimulus or two separate stimuli are involved in 
inciting germination of the two Pythlum species. 
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